Background: Epidermal growth factor receptor (EGFR) mutation testing in tumor tissue is now a common practice in selecting non-small cell lung cancer (NSCLC) patients for EGFR tyrosine kinase inhibitor (TKI) treatment. However, tumor tissues are often absent or insufficient for the testing. Blood is a potential substitute providing a noninvasive, easily accessible and repeatedly measureable source of genotypic information. However which is the best blood EGFR mutation testing method remains unclear. We undertake this study to investigate the best blood EGFR mutation testing method for selecting EGFR TKI treatment in patients with NSCLC.
Introduction
Nonsmall cell lung cancer (NSCLC) is one of the most common cancers and the 1st leading cause of cancer-related mortality in the world. [1] To date 2 tyrosine kinase inhibitors (TKIs) targeting epidermal growth factor receptor (EGFR), gefitinib and erlotinib, have been approved for patients with locally advanced or metastatic NSCLC. [2] However, only about 10% of NSCLC patients demonstrate clinically relevant benefits from EGFR-TKI treatment. Since 2004, several research groups have reported an association between mutations in the EGFR gene's kinase domain and EGFR TKI sensitivity, indicating that TKIs are especially effective in patients with activating EGFR mutations. [3, 4] EGFR mutations have been widely used as a biomarker to select patients for EGFR TKI treatment.
EGRF mutations status is commonly tested in tumor tissues. However, it is often difficult to obtain sufficient tumor tissues for EGFR mutation analyses from patients with advanced NSCLC who are not candidates for surgery. Lacking of tissue sample is a significant limitation, even in prospectively conducted clinical trials, less than 50% of the patients had sufficient tumor tissues available for EGFR mutations analyses. [5] Interest has been stimulated in EGFR mutations analyses using surrogate samples such as blood. Several research groups have detected EGFR mutations in plasma DNA [6, 7] or serum DNA [8, 9] and found a high correlation between EGFR mutations status in plasma or serum and tumor tissue. Accumulating evidence has also indicated that EGFR mutations in blood could potentially predict treatment response and survival. [6, 8, 9] Currently, a number of methods are available for testing EGFR mutations in blood samples, including direct sequencing, amplification refractory mutation system, denaturing high Authorship: CM conceived the study; all the authors contributed to draft and approve the study protocol; and CM will supervise the overall conduct of the study. performance liquid chromatography, mutant-enriched polymerase chain reaction, high resolution melt, mutant-enriched liquidchip, and Allele-Specific Arrayed Primer Extension. As a variety of methods are now available for testing EGFR mutations in blood, interest has been growing in investigating the most appropriate EGFR mutation testing method. One study comparing 3 different methods for analyzing EGFR mutations in blood samples suggested that EGFR mutations detected by Scorpion-amplification refractory mutation system in blood were better predictors of response rate to EGFR TKI than mutations detected with denaturing high performance liquid chromatography and mutant-enriched liquidchip. [10] Another study comparing SARMS and WAVE/Surveyor methods in detecting EGFR mutations in plasma showed very low concordance between the 2 methods. [11] These studies suggested that different EGFR mutation testing methods may have significantly different clinical value in selecting appropriate patients to receive EGFR TKI treatment. However, there is still insufficient evidence evaluating the clinical outcomes of EGFR TKI treatment according to mutations identified through different blood testing methods.
The aims of this systemic review are to evaluate and compare the accuracy of different blood EGFR mutation testing methods for predicting response to EGFR TKI; to assess the clinical outcomes of EGFR TKI treatment according to blood EGFR mutation testing methods.
Methods
This study is a systematic review and meta-analysis. This protocol was performed according to Preferred Reporting Items for Systematic review and Meta-Analysis Protocols (PRISMAP). [12] The study was registered in PROSPERO International prospective register of systematic reviews (CRD42017055263). [13] Because this is a literature-based study, ethical approval is not required.
Study eligibility criteria
Studies fulfill the following criteria will be included in this systematic review: randomized controlled trials cohort studies; included patients with locally and regionally advanced or metastatic NSCLC; tested the EGFR mutations in blood using any commercial or in-house test; and reported response to EGFR TKI, progression-free survival (PFS), or overall survival (OS).
Literature search and study selection
We will conduct a computerized literature search of PubMed, EMBASE, Cochrane library, and NIHR Health Technology Assessment program from their respective inception to March 2017. The search strategy will consist of the following keywords "non-small cell lung cancer," "epidermal growth factor receptor," "plasma," and "serum." In addition, we will search the abstracts database of American Society of Clinical Oncology (ASCO) by using the previously mentioned terms. The search strategies are presented in the Supplemental digital content, http://links.lww.com/MD/B567. We will subsequently manually search the bibliographies of included studies and recent narrative reviews for additional studies. There will be no language restrictions. We will consider both published and unpublished studies for inclusion, including those published in abstract form only.
The study selection will be independently carried out by 2 reviewers according to the prespecified criteria. Any discrepancies will be resolved by consensus or by consulting with a 3rd reviewer.
Data extraction
Two reviewers will independently extract data using a predefined data abstraction form with a 3rd reviewer contacted in case of disagreement. The following data will be extracted from each study: study information (ie, title, authors, location, publication date, patient number, and study duration), patient characteristics (ie, age, gender, smoking status, histology, tumor stage, and ethnicity), biomarker-testing methods, intervention (ie, types of EGFR TKIs, standard treatment), outcomes (ie, response to EGFR TKI, PFS, OS, costs, and quality-adjusted life-years [QALYs]), and study methods. In addition, we will construct 2 Â 2 tables that contain the number of true positives (patients responding to EGFR TKI and with EGFR mutations detected in blood samples), true negatives (patients not responding to EGFR TKI and without EGFR mutations detected by blood samples), false positives (patients not responding to EGFR TKI and with EGFR mutations detected in blood samples), and false negatives (patients responding to EGFR TKI and without EGFR mutations in blood samples). We will consult the authors of original studies if any information mentioned above was not provided in the studied identified.
Quality assessment
The methodological quality of the included studies will be appraised by 2 authors independently, with disagreement resolved by discussion with a 3rd reviewer. The quality of randomized controlled trials will be assessed with the Cochrane Collaboration tool for assessing risk of bias. [14] The quality of cohort studies will be assessed with the Newcastle-Ottawa Scale (NOS). [15] 
Data analysis for clinical effectiveness
Blood EGFR mutation test accuracy for predicting response to TKI treatment will use the response to TKI treatment as reference standard, and calculate sensitivity, specificity, positive likelihood ratio, and negative likelihood ratio for each study according to the above-mentioned 2 Â 2 tables. The association between the status of EGFR mutations and clinical outcomes of EGFR TKI treatment will be measured by risk ratio for overall response rate, and hazard ratio for PFS and OS. We will pool sensitivity, specificity, positive likelihood ratio, negative likelihood ratio, risk ratio, and hazard ratio using the fixed-effect model unless there is evidence of heterogeneity (P 0.1), in which case random-effects models will be used. Heterogeneity will be explored by the Q-test, with degree of freedom equal to the number of analyzed studies minus 1. [16] A P value of 0.10 or below in the Q-test indicates the presence of heterogeneity across studies. We will assess the clinical outcomes of EGFR TKI treatment according to blood EGFR mutation testing methods by subgroup analysis. Subgroup differences will be tested using the approach described by Borenstein et al. [17] Tests for subgroup differences will be based on random-effects models which have a lower risk of falsepositive results than subgroups assessed in a fixed-effect model.
We will perform sensitivity analyses to assess the robustness of the final results by excluding studies collecting tumor tissue after Yuan et al. Medicine (2017) 
Medicine the initiation of chemotherapy, studies with high risk of bias, and studies with sample-size less than 50. Publication bias will be examined through visual inspection of funnel plot asymmetry if more than 5 studies are involved in the meta-analysis. [14] The funnel plot asymmetry will be evaluated by Egger test. [18] Data analysis for clinical effectiveness will be carried out by STATA Version12.0 (STATA Corporation, College Station, TX) and MetaAnalyst Version Beta 3.13 (Tufts Medical Centre, Boston, MA), with a 2-tailed significance level of 0.05, except for the assessment of heterogeneity (a = 0.10).
Discussion
Molecular biomarkers for predicting disease risk, [19, 20] prognosis and treatment efficacy, [21] comparative effectiveness of different treatments, [22] and cost-effectiveness of treatment strategies [23] play an increasingly important role in the era of precision medicine. This systematic review focuses on EGFR mutation testing methods in NSCLC treatment. Our previous study indicated that blood, in particular serum, is a good substitute when tumor tissue is absent or insufficient for testing EGFR mutations to guide EGFR TKIs treatment in patients with NSCLC. [24] However, this study neither evaluated the accuracy of different EGFR mutation testing methods in blood samples for predicting response to EGFR TKIs nor performed subgroup analysis for the associations of EGFR mutations with clinical outcomes according to blood EGFR mutation testing methods. Therefore, we plan to undertake the present study to make up the gap in current research. This study will determine the best blood EGFR mutation testing method to help clinicians to select NSCLC patients who are most likely to benefit from EGFR TKIs treatment when tumor tissue is absent or insufficient.
